HISTOPATHOLOGICAL studies of the brain, even if their ultimate aim is the solution of psychiatric problems, are at present too much occupied with fundamental questions of their own to be of immediate help to the clinical psychiatrist. One of the most fascinating of these fundamental questions is the problem of selective vulnerability in the brain. It is a very old problem, although only recently systematically considered by neuropathologists. I am probably right in assuming that the general trend in medicine towards investigation of constitution has brought it nearer to the mind of the neuropathologist; in fact the disposition of certain regions of the brain to be affected by disease more readily than others seems to be a part of the constitutional problem.
(From the Central Pathological Laboratory of the London County Mental Hospital) HISTOPATHOLOGICAL studies of the brain, even if their ultimate aim is the solution of psychiatric problems, are at present too much occupied with fundamental questions of their own to be of immediate help to the clinical psychiatrist. One of the most fascinating of these fundamental questions is the problem of selective vulnerability in the brain. It is a very old problem, although only recently systematically considered by neuropathologists. I am probably right in assuming that the general trend in medicine towards investigation of constitution has brought it nearer to the mind of the neuropathologist; in fact the disposition of certain regions of the brain to be affected by disease more readily than others seems to be a part of the constitutional problem.
It is not difficult to find examples of such selective lesions. General paralysis, for instance, has a tendency to affect the anterior two-thirds of the cerebral cortex more than the rest. It also affects the striate body, Jeaving other parts of the basal ganglia intact. Senile dementia is localized more markedly in the posterior parts of the cortex, and the opinion has been voiced that some of the differences of clinical symptomatology between the two diseases may be due to this difference in localization. Pick's disease is also an example of a circumscribed lesion. Again, Schilder's disease has a predilection for the white matter and particularly for that of the occipital lobe. The selective lesion of the substantia nigra in epidemic encephalitis, the striatal lesion in Wilson's disease, the lesion of the globus pallidus after carbonmonoxide poisoning, the well-known preference of the virus of poliomyelitis for the anterior-horn cell, the lesion of the cornu ammonis and the Purkinje cell layer after epileptic convulsions, and that of the olivary body (von Braunmuhl, 1929) in certain vascular and toxic conditions are other selective phenomena, the number of which could be' easily enlarged.
For a long time the psychiatrist has been interested in the selective action exerted by certain narcotics, especially the barbiturates, on the hypothalamic centres which regulate sleep rhythm. Until recently the opinion has prevailed that this selectivity is due to the accumulation of a larger amount of drugs in these regions than in others. This has been disproved by the recent re-examination of the question, carried out by Veit and M. Vogt (1935) . E. Guttmann's (1936) recent paper on mescal intoxication raised the question as to whether mescal has its action mainly on the perceptual side of personality in contrast to the motor irritation in cocaine psychosis. As regards alcohol we are better informed about the localization of the pathological changes. The personality and psychotic changes in chronic alcoholism are often referred to a typical localization in the mid-brain. So it is with epidemic encephalitis, in which the frequent incidence of certain motor disturbances, particularly oculogyric crises and compulsive phenomena, has given rise to much speculation.
JULY-PSYCH. 1
Since we have become acquainted with the so-called extrapyramidal lesions, similarities between these and certain psycho-motor phenomena of catatonics, idiots, and even hysterics, have always been under consideration. The familial coincidence of chorea and catatonia studied by E. Guttmann (1927) seems to point in the same direction. No one has built up a system of such relations from the psychological as well as from the pathological aspect more comprehensively than Kleist (1934) . Yet the very handling of the problem by Kleist makes one feel that for a long time to come we shall still be compelled to study selective phenomena at lower levels and in their fundamental aspects rather than in their application to special psychiatric problems.
To C. and 0. Vogt (1922) falls the distinction of having opened a systematic discussion of this subject with their theory of pathoclisis. The principle of architectonic differentiation of cortex and basal ganglia, in the foundation of which they have taken so admirable a part, was their guide here also. Differences in architectonic structure point, according to these authors, to differences in what they have called "physico-chemismus," and these again are supposed to make for the unequal inclination to disease. In other words, pathoclisis of a region is determined by special chemical and physical properties which are also the essence of the special function of the region. This sounds simple and conclusive, but in reality the conception of pathoclisis is far too general in nature to be of concrete help. After all, the " physico-chemismus " of a region is nothing more than the sum total of all possible conditions, and a representation of this kind is more in the nature of a useful direction than of an explanation. It was particularly for this reason that Spielmeyer (1925) recommended the investigation of the vascular system as a more concrete approach to the problem of selectivity. He has, however, never confined himself to what he called the vascular factor, acknowledging also the pathoclitic principle or, as he called it, the " system factor " and other factors. The juxtaposition of both the vascular and system factor is not wholly satisfactory. They do not necessarily exclude each other since, phylogenetically, the vascular supply of a region closely follows its parenchymatous differentiation, adapting itself to the special needs of the parenchyma. We owe this fundamental knowledge to of syphilitic and tuberculous meningo-encephalitis but also that of epidemic encephalitis and several animal diseases, has been accounted for by spread through the cerebrospinal fluid. A similar suggestion has been recently made as to the midand end-brain lesions of chronic alcoholism. Schilder's disease and disseminated sclerosis are considered by Hallervorden and Spatz (1933) to be identical conditions, differing only in the path of distribution by the cerebrospinal fluid or by the blood-stream. Time forbids any discussion of these views; recent work in the field of neurotropic virus diseases, in this country, particularly that of E. Weston Hurst (1935) , has served as a useful corrective, making clear the importance of the direct transport of the nocuous agent via the axis cylinders. In J. G. Greenfield's (1932) classification of encephalitis this point has already been considered. Thus the selective lesion of the precentral cortex in poliomyelitis, until recently a controversial problem, can now be understood as the consequence of direct transport of the virus along the pyramidal tract. In the cerebrospinal fluid the virus is only found in the terminal stages of the disease. The interesting suggestion, based on experimental evidence, has been made that the natural entrance of the virus, not only of poliomyelitis but also of epidemic encephalitis and other virus diseases, is the mucosa of the nose. From here the virus is supposed to be carried over the olfactory bulbs to the base of the brain. The prodromal symptoms of poliomyelitis and similar diseases, consisting of disturbance of the sleep rhythm, hyperassthesia, sweating, &c., are even conceived of by Faber (1933) as focal symptoms from the hypothalamic region. It is interesting to note that the substantia nigra is selectively affected, not only in epidemic encephalitis, but also, although less constantly, in poliomyelitis and others of the diseases in question. This suggestion is still rather hypothetical and needs corroboration. If true it would throw an interesting light on the localization of many of these processes in the mid-brain. It would, however, also show that the entrance and the path of distribution are not the only factors concerned, for there are differences in detail, which must be due either to the specific nature of the virus or to internal factors of the brain tissue.
It is an old view that the more recently acquired centres of the brain are more vulnerable than the more primitive regions. Although this principle cannot be advocated too rigidly there are a few conditions in which it may well be valid. In Pick's disease, for instance, there is not only a predilection for the frontal, parietal and temporal lobes, the so-called most human regions, but in the temporal lobe the ancient region of the hippocampus is often left intact. Moreover there is a definite predilection for the supragranular layers. C. and 0. Vogt (1935) have recently reported the familial occurrence of an undersized, not actually diseased striate body in a family, in which a disposition to chorea was obvious This observation is quoted here, because the Vogts consider the abnormality of the striate body to be in the nature of a mutation or variation.
The great importance of the vascular system of the brain has already been emphasized. Important work has been carried out recently by numerous workers of the English, French, and German schools. The method of demonstrating the capillaries, by staining the hmoglobin, recently elaborated by Pickworth (1934) might prove of value, although further experience in its technical working must still be waited for. It might be advisable to specify more minutely than is usually done the peculiar differences between the arterial and venous systems. Experiences in birth trauma, and in encephalitis following measles and vaccination, stress the importance of the venous system in determining localization of the lesion, and I wonder whether this has been sufficiently made use of in other conditions, for instance those of diffuse sclerosis. As regards disseminated sclerosis Putnam (1935) has recently carried out experiments along similar lines. Again, K. Stern (1935) has recently studied the influence of the physical properties of the tissue in the pons upon the distribution of vascular lesions. iHe found that there are differences in the vulnerability of certain structures, the big ponto-cerebellar fibres being particularly resistant. Further systematic investigations of this kind are necessary.
Selective lesions can be simulated when, in fact, we are dealing with secondary degeneration. Some recent work done by Le Gros Clark (1933) has shown degeneration of the limbic region and of the pre-frontal cortex, following experimental destruction of the medial and anterior nuclei of the thalamus respectively. Possibly the lesion of the Luys body in cases of degeneration of the globus pallidus can often be similarly interpreted. Although in a strict sense such phenomena do not belong to our problem, they have an important practical bearing upon it.
The complexity of practical analysis may be demonstrated in the globus pallidus and the cornu ammonis, two regions which offer the advantage of being simpler in structure than other parts and better known to me through personal work. The selective lesion of the globus pallidus has long been regarded as specific to carbonmonoxide poisoning. It is historically interesting to note that this selective phenomenon has fascinated the various workers to such an extent that other lesions have long been neglected. Increasing experience has shown, however, that there is a great variety of other lesions, partly selective (like those of the zona rubra, the substantia nigra, the cornu ammonis, the Purkinje cell layer of the cerebellum, the cerebral white matter) and partly irregular and variable. The selective lesion of the globus pallidus stands out by its constancy. Again it has been found that a similar choice of lesions occurs after poisoning with potassium cyanide (A. Meyer, 1933) and with ether (A. Meyer and W. Blume, 1934) . Lesions of the globus pallidus have been furthermore reported in cases of respiratory failure (Rotter, 1929) , after morphine intoxication leading to respiratory failure (Weimann and Mahrenholtz, 1928) , after dinitrobenzol poisoning, resulting in methaemoglobiniemia (Adler, 1934) and in a case of severe secondary ansmia (E. Scherer, 1934) . There is a condition, first described by C. and 0. Vogt (1920) and later studied by Hallervorden and Spatz (1922) , clinically distinguished by mental deficiency and progressive rigidity, with or without chorea-athetosis, which also shows selective lesions of the globus pallidus and the zona rubra of the substantia nigra. According to unpublished personal experiences, a series of other centres can be affected, for instance the cerebral white matter, the dentate nucleus and the surrounding white matter of the cerebellum, the sub-ependymal regions, the olivary body and the Luys body. The aetiology and pathogenesis of this condition is considered to be unknown. There is, however, not only in its localization but also in its clinical sequelse a striking similarity to the lesions of recently reported cases of " kernikterus," such as justify the assumption of a probable pathogenic kinship. "Kernikterus" is the appearance of bile-staining in certain parts of the basal ganglia, the medulla oblongata, and the cerebellum, which occurs in icterus gravis neonatorum. As we have learned of late, it can be accompanied by selective lesions of the globus pallidus, the Luys body and other regions already mentioned. With regard to icterus gravis, we know that one of its essential features is severe ansemia, the icterus being not of hepatic, but of hamolytic nature (Hawksley and Lightwood, 1934) . I do not wish to minimize the differences between all these various conditions showing selective lesion of the globus pallidus. It must not be forgotten that there is a wide difference between the very constant findings of lesions of the globus pallidus after carbon-monoxide poisoning and the apparently casual lesions of this region in cases of anamia. Yet it iS intriguing that in all of them one of the essential pathogenic principles is an interference with the oxygen transport to the tissue, brought about by respiratory failure, destruction of hemoglobin or-as in the case of poisoning by carbon-monoxide, potassium cyanide, or ether-inhibition of the respiratory enzyme system. We are certainly justified in asking whether there is any evidence that the globus pallidus succumbs to anoxtemia more easily than other centres of the brain. There are two facts which seem to point in this direction.
Firstly, the globus pallidus, together with the zona rubra of the substantia nigra, normally contains more iron than any other part of the basal ganglia and the rest of the brain. Secondly, there are calcium deposits, the so-called " pseudo-calcium " of the German workers, often to be found normally in the walls and sheaths of the blood-vessels of the globus pallidus. Since iron is also found in centres which, like the red nucleus, are not known to be vulnerable to anoxsemia, a direct proportional relationship between iron content and selective vulnerability is untenable. The same thing applies to the calciform deposits. They are found, apart from the globus pallidus, in the cornu ammonis, the dentate nucleus and the olivary body, but not in the vulnerable zona rubra of the substantia nigra. There are, however, further facts which might indicate that their presence is not altogether negligible. Not only is the iron reaction more marked in the anterior parts of the globus pallidus (Spatz, 1922) , but so also are the calcium deposits. It is probably more than mere coincidence that the lesions of the globus pallidus frequently occupy the same situation. Furthermore in lower animals, such as rodents, the globus pallidus contains no iron and, according to E. Weston Hurst (1934) a parallel behaviour is shown by the calcium deposits. It is significant that it has been impossible to produce lesions of the globus pallidus by experimental carbon-monoxide and potassiumcyanide poisoning in rodents, whereas this has been easy in carnivores and higher animals (A. Meyer, 1932) . We have no definite knowledge as to the origin and significance of the inorganic iron found in the globus pallidus and other centres.
It might be either a reservoir for or a by-product of the iron which in organic compounds constitutes the respiratory enzyme, and thus one could imagine that its presence in particularly high amounts might point to local peculiarities in this enzyme system. Similarly the presence of calcium deposits might point to functional peculiarities of the vessel system. It is even conceivable that these stigmata are to some extent mutually dependent, in the same way as normally the blood-vessels and the enzyme system serve the same purpose of utilization of oxygen by the tissue.
The last word upon this complex problem has not yet been said. We have learned, however, to envisage the problem from a much broader platform and to see the direction in which to search for further information. In particular, I consider studies on the respiratory enzyme system to be a possible means of more concrete biochemical approach. Valuable work has already been done with regard to the enzyme system of the brain, particularly by biochemical workers in this country, but little attention has been paid to possible variation in behaviour in different parts of the brain. Dr. Dixon and I have begun, in Dr. Golla's laboratory, experimental work in this direction. In preliminary experiments we have found that in the ox brain minced cortex maintains its respiration on the addition of glucose, whereas this maintenance is almost entirely lacking in the globus pallidus, the cornu ammonis, the cerebellar cortex and to a lesser degree in the striate body and hypothalamus. Since slices of the same parts do not show this difference, definite conclusions as to our problem cannot be drawn from this result. The maintenance of respiration on mincing has hitherto been regarded as an important and specific biochemical property of the brain alone. These experiments demonstrate that this is true only of the cortex and not of the other regions examined. The reasons, which will be discussed elsewhere, are by no means quite clear. The results indicate the fundamental difficulties of approach. It is hoped, however, that phylogenetic amplification of these and similar experiments, and especially their application to pathological conditions, may yield further results, more immediately relevant as to our problem.
In the same way that the lesion of the globus pallidus has been considered to be specific to carbon-monoxide poisoning, so the selective lesion of the cornu ammonis, or more exactly of a well-defined sector of it, has long been regarded as specific to epilepsy. Since then it has been recognized, particularly by Spielmeyer and his school that this lesion occurs as a result of every kiud of anoxmmia, including carbon-monoxide, carbon-dioxide, potassium-cyanide, and ether poisoning, head injuries and other conditions. Spielmeyer (1929) believed that, at the root of the lesion, there were often vasomotor disturbances. He was able to demonstrate in an early stage of the necrosis the presence of anaemia in the vulnerable parts in contrast to the hyperemic neighbourhood. Ushimura (1927) found that the vulnerable sector is supplied with fewer blood-vessels than the rest. The frequent presence of calcium deposits in the walls of the vessels is undoubtedly suggestive of a vascular factor, but there are also indications of biochemical peculiarities. In the newborn animal, for instance, the cornu ammonis is permeable to trypan blue (Behnsen, quoted from Kawata) . It is also a predilective site for the formation of corpora amylacea (Kawata, 1929) . Recently Plaut and Builow (1935) , and independently Dixon, have found by means of chemical analysis more vitamin C (ascorbic acid) in the normal cornu ammonis of adult men and animals than in other parts of the brain. Accordingly, by means of v. Szent-Gyorgyi's (1928) silver nitrate method, Dixon and myself have succeeded in demonstrating histochemically this larger amount of vitamin C in the cornu ammonis (and in the Purkinje cell and molecular layer of the cerebellum) in the case of the rat, rabbit, and ox. This method, which is based on the reducing properties of vitamin C, has already been used for demonstration of ascorbic acid in endocrine glands, particularly in the anterior part of the pituitary, suprarenal cortex, corpus luteum, &c. The degree of blackening, produced by precipitation of metallic silver, is considerablv weaker in the cornu ammonis than in the pituitary, and is also less constant. Furthermore there are histological differences. The histochemical findings, however, taken together with the results of chemical analysis, suggest that we are dealing with a reduction of silver nitrate by vitamin C. It would be premature to draw any conclusions as to the selective vulnerability of the cornu ammonis, the more so, since the reduction of silver nitrate does not appear to be confined to the particularly vulnerable sector. Vitamin C, about the normal function of which we know very little, may be of only slight value to our problem, yet its selective occurrence throws a flashlight upon our very limited knowledge about the biochemical factors which in reality may determine selective vulnerability. It may also indicate the direction in which further facts must be searched for by patient collaboration between the biochemist and the histologist. I have been compelled by the nature of the problem to deal with much histological detail in the globus pallidus, cornu ammonis, and other parts of the brain. I am well aware tbat the study of these regions is very remote from the psychiatrist's sphere of interest. Yet the psychiatrist will realize that even in these lower levels the situation confronting us is a very complex one and if we succeed here the results must also help to solve the problems more immediately germane to the psychiatrist.
[This paper has been written during the tenure of a Rockefeller Research post at the Central Pathological Laboratory.]
